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Review of the Heavy lon Physics Sessions

3. V. Jacak
LLos Alamos National Laboratory, L.os Alamos, NM 87545

INTRODUCTION

T'he parallel sessions on Heavy lon Physics covered several areas of recent
progress in characterizing the nuclear equation of state and the search for decon-
lined quark matter. Studies of systems from 1 to several hundred GeV /nucleon
have been made in order to map the behavior of nuclear matter over a wide
range of temperature and pressures. We have also considered results from
proton-nucleus reactions in the heavy ion physics discussions. This should help
untangle “nuclear eflects” due to the presence of relatively undisturbed nuclear
matter from observables arising in the hot, dense part of the system.

Fven though heavy ion physics covers a large range of bombarding en-
crpies, the saime two basic questions must be answered. The lirst problem is
to characterize the system that has been produced. We need to determine the
cnerpy density, lifetime, temperature and baryon density reachied in the collision
hefore expansion and particle production. Then we may address the second is-
sue and look for evideace of new physies. At this mieetingg, we heard new results
from experiments, and theoretical analyses which strive to explain all available
data, including, those from proton-nucleus collisions. We explored heavy quark
production, which mway indicate quark matter through color screening of ee pairs.
We heard new resulws in strangeness production, which hias been predicted Lo
he enhanced i quark matter is formed. There were also discussions of jets and

minijets, which may probe the hot, dense matter existing carly in the collision.
SOURCE SIZES FROM BOSE FINSTEIN INTERFEROMETRY

One of the promising ways Lo study the produced system s via the mea
surement ol two particle correlations. Bose Finstein intetferometry on pion pairs,
can vield mlormation about the size and shape of the system emitting the pi
ons o and allow o better estimate ol the enerpy density, Scolt Pratl reminded
s that final rate interactions modity the measiared correlation tanction, aod
cottections are necessary. For Larpe soutces . conlomb corrections inereasae the
measured correlation by O 107 Cwhile for small soorces, the strong, interaction
tegpire g corredtion, which decreanes the correlation The ded av ol tenonanece.
e antly rednces the correlation and modilien the shape of the correlatnen
fiunetion However, thene cllectss are ander dood aond can he cortrected {orn,

W Zape reviewed the cunrent catos ol interlevometey resultn in hgeh
cnctpy pop oo ponuclens collvaons. He vepmmded as that all the evtracted
cottee radii are approximately Tt oand imply o sphericad sonree Howes e,

L cautions that the data analyaes vanies poeatly Trom one experiment to the



next, without a consistent set of corrections. This will need to be addressed,
particularly as high statistics data sets become available and we attempt more
detailed analyses to extract the shape and time evolution of the source.

Nevertheless, we may take a first look at the dependence of the extracted
source radii on the charged particle multiplicity in p-p, p-A and A-A collisions.
Results from heavy ion collisions, presented by Richard Morse for the K802 col-
laboration, and p-p and a - a collisions at the ISR suggest that the source
radius grows as the square root of the multiplicity. This motivates an interpre-
tation of the radius as the size of the system when the pions “freeze out” and
no longer interact with one another. However, recent data from UAL, CO and
CDFE for pp collisions are consistent with linear growtl, of the source radius wih
charged particle rapidity density. Such a lincar dependence would be expected
in a boost- invariant system. Unfortunately the current experimental situation
does not allow an unambiguous resolution of this difference. Systematic effects
in the experiments and subsequent analyses must be much more carefilly con-
Lrolled. Richard Morse showed the importance of proper particle identification,
two-track acceptance, and fitting procedures to the extracted values, We expect
that the current set of dedicated experiments will provide the statisties and
control of sytematies to settle this question.

Scolt. Pratt also pointed out that analysis of hipgh- resolution, high statis
ties data may furnish considerable information about the lifetime of the source.
This might indicate new physices if, for example, pions are emitted over a long,
time, as expected during a phase transition from quark matter to halronic mat.
ter. Unfortunately, the decay of resonanees alio inereases the apparent source
lifetime, however Lhis etlect can be caleulated and corrections made. The depen
dence of the lifetime on the pion energy ay pive information about cosling (and
expansion) of the source, while the enerpy dependence of the souree size may
indicate colleetive expansion eflects, ‘The source size alonpg the heam axis pives
the velocity pradient, which is related to the energy density, The experiments
currently underway should aliow such analyses,

Jodl Wilkes for the EMU 0L collaboration remninded ws that the search
lor intenmitteney in heavy jon collision ., which @i a search for local density
M tuations, may also be sepsitive (o Che two particle correlations arising from
Bose Fantein statistics, T fact, the higher order moment: ol the mualtiplicity
divtubution:s are conzsistent. with predictions from the wecond onder moment,
cuppesting that the infermitteacy ellect i dominated by two panticle correla
Gonee Soch an ellecd waes supgest for ppedata by Carrathovi and Sarcevie

SOFT DILEFITONS AS PRODBE OF HOT HADRONTC MATUER

Leptons provede o veetul probe of ot hadrone matter despate then aanall
formaton crone section: becanse they are penctrating and relatively e
to e altering ellects Comeguently, they may tell abont the carly stages ol
the colliaon  In hiph encipy oncdews ondeoas colliaons, thesoal prodaction of



dileptons is of pariicular interest. At the Bevalac, dilepton productien should
also be sensitive to the density cf the system. Other processes giving rise to
leptous include bremsstrahlung, hadron decays, and pion annihilation, so the
interpretation of experimental results requires theoretical control of all of these.
Charles Gale discussed issues surrounding attempts Lo study the temperature
and density of the early system via soft dileptons and specific effects on the
spectra from modification of the picn dispersion relation in hot, dense matter.

Poter Seidl shewed dilepton spectra from the DLS collaboration for 1 and
4.9 GeV per nucleon heavy ion and p-nucleus collisions. In order to reproduce
the p-Be data, it has been assumed that production of dileptons is dominated
by hadronic bremsstrahlung. This may be tested by p-p and p-d collisions,
and Seidl showed preliminary data from DLS on these systems, It was found
that the production ratio of dileptons from deuterium and proton targets is
approximately 2 at 1 and 4.9 GeV, in strong disagreement with the larger ra-
tios predicted by bremsstrahlung dominance. These results may indicate that
inclasticity in the collisions cause the dipole approximation used in the caleula-
tions to break down, or that bremsstrahlung is not the dominant effect at 4.9
GeV. When the caleulations can quantitatively predict the results of the p-d
collisions, we may then apply them with greater confidence to study the various
contributions to dilepton spectra in nueleus-nueleus collisions.

BARYON IFLOW AND RAPIDITY DIENSITIES

Collective flow of baryons is of great interest at the Bevalae as the magni-
tude of the How is determined by the nuelear equation ol state, and was disewssed
by Declin Reane. At higher energies, the baryon rapidity distributions indicate
how well the tarpet stops the projectile and what fraction of the lonpgitudinal
cnerpy of the bean is available as transverse enerpy. In laet, Peter Levai Lold us
that collective Hlow of baryons may provide a sipial for decontinement in hipgh
cnerpy collisions, ‘Fhis is beeawie plasma formation would slow the decoupling of
dillerent mass particles from the collectively expanding, system, Unfortunately,
collective Now s diflicult to meiasinre as other ellects also nrodily the charped
particle transverse momentum distribntjons,

From proton and pion rapidity distribution: ineasared for GO GeV /nucieon
O o Au colliions, Shaheen Tonse estimated that the beam loses approsimately
RO ol e enerpy. This is comparable to estitates of the stopping, haned on
tran wverne enerpy measured calotimetically, Uning an event penerator, AT
T AL which pives peanonable apgrecment with the data, he eatimates that the
colliaon, produce aavatem approsimately S hmcin extent with an enerpy density
aronnd T GeN [t The iletime ol this syvedem ot 1 loeze Net chargpe
dedanbution: rame 100 GeV e hadoom mncdens collision:s were presented by Lon
Voyvadic . These data clearly provide o challenpe to the nuclous nacleas evert
penenator:, the event penerators nued be shoven to reprodace the hadvon nnelea
tesc s helone then predictions about enerpy dewsaties and Liletimes veached m



nucleus-nucleus collisions may be taken seriously.

We turn now from effort: to determine the size, shape, energy density,
cte, of the hot dense system to studies of specific signals of new physics. DBrian
Bush reminded us that we must always check whether quark matter signals can
be described by “known™ physics. Defore concluding that the language of quarks
and gluons is appropriate Lo describe ultrarelativistic heavy ion collisions, Bush
proposes that the data be compared to calculations in which nucleons interact
through meson fields. If such a calculation, which is currently being prepared,
can describe the global leatures of the heavy ion data, it will indicate that such
observables cannot imply “new’ physics.

HEAVY QUARK PRODUCTION

A joint session was held with Hadron Physies, addressing heavy quark
production in both nueleus-nucleus and hadron-nucleus collisions, Matsui and
Satz predicted that J /4 production should be supressed in a quark-gluon plasma
due to color sereening of ee quark pairs. Suppression of J/¢ production was,
in lact, observed in central nueleus-nucleus collisions by experiment NA3R at
CERN. The suppression was larpest for low transverse momenta, as predicted
for color screening. However, nuclear eflects on J /4 production have also beer
observed in hadron-nuclens collisions, and it is necessary to deseribe both sys-
tems with o consistent theory.

Ramona Vopt and Sean Gavin reviewed the status of theoretical deserip
tions of J/¢ production. Both uied models incorporating, naelear absorption
and dense matter eflects: on the bound ee pair. Gavin focussed on the py depea-
dence of /¢ suppression, while Vopt looked at the rp distrioutions observed in
p nuclens collisions,

Gavin reminded ws of the need for a unified theoretical deseription of
the A and py dependence of /3 in p A and A A collisions, e notes that in
p nuclens collisions, J/4 and Diell Yan have very similar pp dependences, This
tmplies that initial state seattering, which broadens the parton py disteibution,
i important for the py dependence ol the production eross section, Combining,
the data From NAS, NATO and 9772 suppests Chat the oy Kick may inereasie with
Lirper ¢ and decrease with Liaper (Zso Comparing, these data with heavy ion
vesults Trom NA SN shows rather pood apgreement in shape and sapgests o comumon
sonrce ol e sappresciion in all cases, o addition to initial state scattering,
the a0 may he dicaociated by noclear abaorption, secondary seattenmy with
comoving, parltons, or perhapes plasma soreeing, A quantitative compatioaon ol the
leavy don data swath o model which lies poeaclens peanle: i not vet cone e ave
The data are nol fully dewribed by the known ellects, but the diflerence - al
the level of one ctandard deviation. A higher statia o measement i reguited
to determme whether o contohution hom soreening in a phaana s present, thee
v are currently being collected at CERRN

Vaopt tocnsced on understanding the obaerved ) depemdence ol 0 o



duction in proton-nucleus eollisions. When the nuclear dependence is parame-
terized as opq o © OkN AT, 0L s found that o decreases by 30% between
0 < £y < 1. The combined xy and A dependence may be described by a parton
[usion model incorporating nuclear absorption, comover scattering and low z;
shadowing. At large zy, intrinsic heavy quark states in the projectile wavefunc-
tion must be included at a level around 1% to describe the data. For xzp < 0,
there is an additionzl strong absorption effect that is not yet undersiood.

Denis Jouan reviewed the status of the NA3R resulis. He showed new data
on proton-nucleus collisions. and fits to extract the A dependence together with
the heavy ion data for O | U and S| U collisions. Prelitninary values of - 0.91
for J/4 and e« 1 for Drell-Yan confirm the earlier conclusion the J /) production
is suppressed in central nucleus- nuceleus collisions. Fitting the J /4 data as a
function of the number of nucleon-nacleon collisions yields a reasonable [it Lo ali
the data with an o value of 0.89. This is in reasonable agreement with values
extracted from p-nucleus collisions by other groups.

The dimuon spectrometer of NAIS also measures ¢ and p w meson
production in nueleus-nucleus collisions. The ratio ¢/(p | w) increases by a
factor of 3, in central compared to peripheral collisions. This was shown Lo be
due to enhanced o production, rathe. dhan a suppression of p and w. In p-U
collisions the eflect is much smaller, and also for hipgh py ¢ mesons. A theoretical
analysis of this result follows bhelow, in the seetion on strangeness production,

Andrze) Zieminski presented new results from Fermilab experiment. K672/
706 on hadron | Be and Cu, for J/4 and o production. ¢ mesons are produced
at more central rapidities than J/¢ o 076, .81 and 087 for p/w, ¢ and
J20 respectively, The K772 result, o 0.92 for the J/ip, aprees reasonably
well, Previous vidues of o for ¢ production ranpe from (L62 to 0.86, depend
inpg on the pooraupe studied, In this experiment, the liquid arpon caloruneter
from ET06 @5 used Lo provide transverse enerpy inforntion. The mean py for
mesons inereases with inereasings by, e does the ratio N() /N (p 1 o). in fact,
the ratio ol the dimuon mass spectra in hipgh over low Fy events rises from with
iz, conlirming that high g% processes are correlated with Larper transverse
moteentum production. However, it s important to note that the data set s
dorinated by hadron Be events, so momentum copservation may be an impor
ten coupan nt ol this result, Analvsis ol data on heavier tarpets s carrently
n-lerway,

STRANGENESS PRODUCTION

The prodoction of part becmebadmg, actranee quark has been predic ted
toane reasas il a quank pluon pheima i formed, dae to the Lope aboandimee ol
aoqu ke an equilibrated placia Phe wan dewcneeed by Peter Roch ine hie
theor  geal overview ol stranpenes, prodoction, However, he peminded ns that a
hadion pa e equibibriom wall aleo produce Tarpe nambers ol steange particles,

~on thee spnal ve nol ey tointerpeet Sonhapcements ol kaons and banbdae



in nucleus-nucleus over p-p collisions may arise {rom [inal state interactions.
Secondary collisions also increase the ¢/(p1-w) ratios; in fact, a purely hadronic
scenario can describe the ratio observed by NA38.

llowever, Johann Rafelski argued that strange antibaryons provide a
cleaner signal than kaons or lambdas. Recent :neasurements by WAB85 yield
a ratio of anticascades to antilambdas 10 times larger in S-|-W collisions than in
p-p. Ralelski claims quark-gluon plasma formation is the only possible explana-
tion for an enhancement of this magnitude. The multiplicity dependence of the
enhancement is currently being studied by WAB85, and should help to constrain
the interpretation of the result.

The experimental situation at 14.5 GeV/nucleon was reported by Yasuo
Miake for the 1802 collaboration. He reminded us that the ratio of K1 /7wt is
significantly enhanced in central 8i-{-Au collisions, compare to p | Be. The ratio
in ptAu also shows an enhancement, but less than in Sit Au. The rapidity
distributions of pions, kaons and protons in the three cises show that the num-
ber of kaons is enhanced, and they are peaked near target rapidity in p 1 An
and Si| Au. This strongly suggests production of additional KXK' by secondary
collisions. T'he magnitude of the effect increases with multiplitity in p | Au.

Kam-Biu Luk reviewed strange hyperon and K production in proton-
nucleus collisions. K /A and A/A ratios show no dependence on A or py; the
available results are not, however, at low rapidities where rescattoring elfects
could be important. Values of « are - 1 for py - 2 GeV/e, then rise to ap-
proximately 1. The rapidity distributioes of K and A" suppest that heavier
targets ciuse depletion of higher momentum particles; the eflfeet is much larger
for lambdas than for kaons. Quark models with multiple collisions deseribe this
observation fairly well,

JETS AND MINLISTS

Jets might provide a unique probe of dense matter in heavy jon collisions
al. larpe s In the plenary session, Gyulassy suppested that jets may serve
as texternal™ probes of nucleus-nueleas collisions as they are produced prior to
any plasma formation, at rates which can be ealeulated with perturbative Q).
The jet distributions may yield information about the hot, dense sytem, as the
enerpy loss of jet:in a quark pluon plisma should be considerably s naller than
in hadronic matter,

Nin Nian Wang discusaed the importance of jets and mingetcin high (s
collivions He reminded ws that prodaction of minijets shonie be quite copions
in puclens nuceus collisgons, and they will contribute to teanavere enerpy and
particle production, asowell an modily the obaerved py distributon: Ninjets
may alao help accelerate thermalization by increasing the nomber ol selt parti
cless pradoced. He antraduced oo madel, HETENG, that incorporates QT haed
and semi hard proceses and succesfully teproduces the sinple particle distiiba

ons in collider and high enerpy poonclews data, HRING alzoindades nuclean



shadowing of the parton distributions, and allows hadronic jet quenching to be
turned on or off. Using HIJING, one may then address the best way io look for
modification of jets at the relativisiic heavy ion collider. Wang concluded that
eflects of parton shadowing and jet quenching may be measured via the single
particle distributions for p, > 2-3 GeV/c. Comparison of p-p, p-nucleus and
nucleus-nucleus collisions should allow disentangling of these processes.
Experimental studies of hard scattering in nuclei were reviewed by Marge
Corcoran, who presented results on dijet production from FNAL 1609 and K557,
dihadron production from 711 and single and di-hadrons from 1£605/E789.
Comparing dijets in p-1 Pb and p+4 p collisions, we see that the nucleus causes a
large shift of the angle between the jets away from coplanarity. Such an effect
would arize from parton multiple scattering. Looking at the A dependence of jet
and single high p,; particle production from nuclear targets, she concluded that
« > 1, and falls with /s and p,. However, comparison of dilferent experiments
is complicated by the lact that the extracted value of « is a strong function
of the kinematical cuts. The internal siructure of the jet, as manifested by
its fragmentation, is affected only slightly, if at all, by the nucleus.  All of
these observations are consistent with a multiple scattering picture in which
fragmentation occurs outside the nucleus. These results support the idea that
jets are sensitive to the nuclear environment, but their fragmentation is not

allected by it. Consequently, they may prove to be useful probes of the carly
stages of nucleus nucieus collisions,



